AbstrAct
Individuals born between 1945-1965 represent 81% of all persons chronically infected with hepatitis C virus (HCV) in the USA and are largely unaware of their positive status. The baseline HCV screening rate in this population in an academic internal medicine clinic at a US hospital was less than 3.0%. The goal was to increase the rate of HCV screening in patients born between 1945 and 1965 to 20% within 24 months. The quality improvement team used the Plan Do Study Act Model. Outcome measures included HCV antibody screening, HCV RNA positive rate and linkage to hepatology care. Process measures included HCV antibody order and completion rates. The quality improvement team performed a root cause analysis and identified barriers for HCV screening and linkage to care. The key elements of interventions included redesigning nursing workflow, use of health information technology and educating patients, physicians and nursing staff about HCV. The HCV screening rate was 30.3% (391/1291) within 24 months. The HCV antibody positive rate was 43.5% (170/391), and HCV RNA positive rate was 95.3% (162/170). HCV infection was diagnosed in 12.5% (162/1291) of patients or 41.4% (162/391) of the screened population. Of those positive, 70% (114/162) were linked to hepatology care within the 24-month project timeframe. Eighty percent of patients seen by a hepatologist were treated with direct-acting antivirals agents. The HCV screening rate was sustained at 25.4% during the post-project 1-year period. Engagement of a multidisciplinary team and education to patients, physicians and nursing staff were the key drivers for success.
InTroducTIon

Quality problem
An estimated 3.5 million people in the USA are infected with hepatitis C virus (HCV) [1] [2] [3] [4] with approximately 50% being unaware of their HCV status. 5 6 About 15%-25% of people infected with HCV spontaneously clear the virus, while 75%-85% of individuals develop a chronic infection. 2 7 8 Of these chronically infected patients, about 5%-20% will develop liver cirrhosis within 20 years, which is strongly associated with the development of hepatocellular carcinoma. [9] [10] [11] Patients with chronic HCV have higher direct healthcare cost burden, which increases with disease severity. 12 13 Individuals born between 1945 and 1965 have a sixfold higher prevalence than adults of other ages and represent 81% of all persons chronically infected with HCV. 4 14 These individuals were likely infected during the 1960s through the 1980s due to lack of universal precautions and infection control procedures. 3 15 Additonally, prior to 1992, a source of infection was through contaminated blood and blood products before widespread screening of the blood supply was implemented. 3 15 16 Due to the high prevalence of HCV in individuals born between 1945 and 1965, the US Preventive Services Task Force and the Centers for Disease Control (CDC) have endorsed a one-time screening of those born between 1945 and 1965 for HCV [17] [18] [19] ; however, a large percentage of this population have not yet been screened. 16 20-22 Studies suggest that HCV screening through an established primary care provider has a higher likelihood of minimising the gaps in HCV treatment and improve health outcomes for patients. [23] [24] [25] [26] [27] [28] The New York state HCV testing law requires healthcare providers to offer HCV antibody screening to all individuals born between 1945 and 1965 for HCV who are receiving services in primary care settings or inpatient hospital settings. 29 30 Furthermore, if the individual agrees to be screened and tests positive, the provider must offer follow-up healthcare including a confirmatory HCV RNA test. 30 Current HCV treatment regimens have revolutionised the HCV therapeutic paradigm. Treatment consists of direct-acting antivirals agents that result in a shorter duration of treatment, minimal side effects, low pill burden and sustained viral response in 90%-98% of patients after 8-12 weeks of Open access Figure 1 Fishbone diaphragm: root cause analysis barriers to acceptance of HCV screening. HCV, hepatitis C virus.
therapy. 8 31 32 With the increased likelihood of achieving sustained viral response due to direct-acting antivirals agents, identifying HCV-positive patients and linking them to providers for treatment is necessary for elimination of HCV. In an academic, safety-net internal medicine clinic in which 70% of active patients were born between 1945 and 1965, we identified a gap in HCV screening in this population. The aim of this quality improvement project was implemented to increase HCV screening and diagnosis rates in patients born between 1945 and 1965 to 20% from the baseline rate of less than 3% within 24 months. Our goal was to improve linkage to hepatology care to 50% from the baseline rate of 10% in HCV patients.
MeThods setting
The internal medicine clinic care team consisted of five attending physicians, 35-40 residents (Academic Internal Medicine Residency Program), nurses, a social worker and administrative staff. The population consisted of underserved and urban patients, and the majority were African-Americans. We created an electronic health record database for this quality improvement project. Patients born between 1945 and 1965, regardless of the presence of any traditional risk factors, that had no prior HCV testing or diagnosis documented in the database were included. A retrospective review of the database revealed a baseline rate for HCV screening of less than 3.0% in eligible active (seen at least once within 18 months) patients born between 1945 and 1965.
Measurements
Outcome measures included an increase in HCV antibody screening rates to 20% in eligible patients, the HCV RNA positive rate and linkage to hepatology care to 50% from the baseline rate of 10% in HCV patients. Linkage to care was defined as adherence to the first hepatologist appointment. The process measures included HCV antibody order rate, HCV completion rate, referrals to a hepatology clinic in HCV RNA-positive patients and improvement in physician knowledge in HCV infection. The balance measures, used to determine if improvement in one area is negatively impacting another area, 33 included increase in patient wait time in the clinic and the cost of treatment. Low improvement targets for the outcome and process measures were set due to the following reasons: (A) insufficient time (20-30 min per visit) to address HCV screening in every eligible patients due to patients presenting with multiple comorbidities, (B) multiple barriers to acceptance of HCV screening in the internal medicine clinic population, (C) lack of an automated electronic health record decision support tool to identify eligible patients including those high risk for substance use disorder and lack of automated HCV test order entry and (D) limited access to a hepatologist.
Implementation
Design
The Plan Do Study Act (PDSA) model of healthcare improvement was used. 34 The quality improvement team consisted of the internal medicine clinic care team, information technology staff and hepatology clinic staff. The quality improvement team performed a root cause analysis and identified the materials/methods, physician and patient-related barriers for HCV screening and linkage to hepatology care ( figure 1 ). The quality improvement team identified primary and secondary drivers, outlined potential change ideas and developed a driver diagram (figure 2). We identified strengths and prioritised change ideas to overcome the challenges to improve screening rates (table 1) . We created a process flow map to improve HCV screening (figure 3). We used the SQUIRE 2.0 guidelines for reporting this quality improvement project. 35 Eligible patients were screened using an HCV antibody test. The laboratory automatically performed a HCV RNA PCR test from the original blood sample (reflex testing), after a positive HCV antibody test. Once a diagnosis of HCV was confirmed, the physician referred the patients to a hepatology clinic for further evaluation and management. strategy PDSA cycle 1 (June-July 2015): creation of a customised workflow in electronic health record In June-July of 2015, a customised electronic health record template was created in collaboration with the information technology department to integrate the HCV screening tool. There was no automated electronic health record alert to remind physicians to perform HCV screening in patients born between 1945 and 1965; therefore, a new workflow was created that included offering of HCV screening to the patient by the nursing staff prior to physician evaluation. This offering was fully integrated in the 'routine' nursing workflow prior to the vitals section (i.e. blood pressure, pulse) in the electronic health record. This new workflow served as a reminder to the physicians to use the HCV screening tool and to improve physician's efficiency in ordering of HCV antibody testing.
PDSA cycle 2 (August-September 2015): physician education about HCV and electronic health record workflow In August 2015, gaps in the residents' knowledge on HCV were identified by pretest prior to the training. Physicians were educated on HCV infection by a PowerPoint presentation with a small group discussion. Pretest and post-tests were performed, using seven multiple choice questions generated from HCV screening and treatment practice guidelines from the CDC and Infectious Disease Society of America. The physician champion and resident team leader created this assessment test. Physicians were also educated about electronic health record workflow for HCV screening.
PDSA cycle 3 (October-December 2015): nursing education on HCV screening and electronic health record workflow The nursing staff was educated about HCV screening in pateints born between 1945 and 1965 and a customised electronic health record workflow. During the nursing assessment, the nursing staff offered HCV screening to patients and documented the patient's verbal consent in the electronic health record prior to the patient and physician interaction. Physicians ordered HCV antibody testing, once verbal consent was obtained. Physicians also provided education to the patient about HCV.
PDSA Cycle 4 (January-March 2016): physician reminders with HCV screening posters
The team placed the posters in the physician's task boxes to remind them to screen for HCV in patients born between 1945 and 1965. The physician champion and resident team leaders performed continuous education on HCV screening for the internal medicine residents. The quality improvement team and residents received feedback every 5 weeks by sharing progress reports on the data.
PDSA cycle 5 (April-June 2016): patient education
The patient education posters were placed in the examination room and in patient discharge areas in the clinic. The team also provided brochures to the patients about HCV testing and possible complications of untreated chronic HCV infection.
PDSA cycle 6 (July-September 2016): physician refresher training about HCV and electronic health record workflow The physician champion conducted refresher training and education to new interns and other internal medicine clinic physicians about chronic HCV and electronic health record workflow for HCV screening and documentation. Open access 
PDSA cycle 7 (October-December 2016): patient education and nursing reminders
We continued to provide patient education about HCV testing. Nursing staff and physicians reviewed patient education materials with the patients. The physician champion provided refresher training and reminded nursing staff of electronic health record workflow.
PDSA cycle 8 (January-March 2017): redesign of electronic health record template and nursing workflow
The quality improvement team redesigned the electronic health record template and nursing workflow based on New York State policy changes for HCV screening. The new policy included: (1) elimination of the requirement for verbal consent for HCV screening and changed to an 'opt' out consent policy. Registered nurses inform patients they were ordering HCV testing as a part of routine blood work unless the patient's objected. The nursing staff documented the patient's agreement or disagreement for HCV testing; (2) registered nurses order HCV antibody tests as a standing order from physicians after patient's agreement; (3) nurses can now create an electronic health record order entry for an HCV antibody test for physician authorisation; and (4) nurses can now notify patients about HCV RNA positive test results and inform the patient about the need for linkage to care to a hepatology clinic. After assessing the patients prior to physician evaluation, the nursing staff created an order entry for HCV antibody test. We also used a patient navigator to facilitate linkage to hepatology care.
PDSA cycle 9 (April-May 2017): electronic health record outage On 9 April 2017, the hospital faced an electronic health record outage for 2 months. The quality improvement team leaders continued to provide feedback to the team during this time.
data analysis
We analysed data from the electronic patient registry and created a weekly statistical process control chart for process measures of HCV completion rates. 
Process measures HCV antibody completion rate
The mean HCV antibody completion rate was 14.0% in a weekly statistical process chart (figure 4). The patterns of weekly HCV order rates and completion rates were identical; therefore, we have displayed only the weekly HCV completion rates. We observed variations during all PDSA cycles, resulting in an unsustainable increase in HCV completion rate. The highest rate of screening completion, 21.2%, occurred in the week of 31 July 31, 2016. In calculating the weekly HCV completion rate, the denominator was a unique number of patients seen in the clinic in a week. Patients were counted more than once during 24 months if they were eligible for HCV testing during any subsequent clinic visit.
Referrals to a hepatologist in HCV RNA-positive patients
The majority of patients received a follow-up primary care visit with a physician to discuss their results and provide education on chronic HCV. All patients with confirmed HCV infection were referred to a hepatology clinic; however, about 50% of the patients were non-adherent to the first scheduled hepatology clinic appointment. Patents rescheduled after they missed their first apointment and subsequently were treated by a hepatologist.
Patients were linked to care and/or treated for HCV within the 24 month project implementation timeframe.
Improvement in physician knowledge
In the second PDSA cycle, residents answered 60.0% of pretest questions correctly. Following physician education, residents answered 95% of questions correctly, indicating an objective improvement in the resident's knowledge.
Balancing measures Patient wait time in clinic
There were no reports of an increase in patient complaints or overtime for clinic staff, which suggest that the project may not have adversely impacted patient wait times.
Patients spent a total of 1 hour during a follow-up clinic visit including wait and time with the provider.
Cost of the treatment Providers, clinic staff and patients identified the cost of HCV treatment as a major barrier due to a higher copay or lack of insurance coverage. Open access HCV RNA positive. Seventy percent of HCV RNA-positive patients were linked to care in a hepatology clinic. Eighty percent of those patients seen by a hepatologist were treated with direct-acting antivirals, and 49% of patients achieved sustained viral response within the study period. Previous studies have shown that electronic health record embedded alerts markedly increased HCV testing among patients born between 1945 and 1965. 23 27 36-39 In this quality improvement project, we implemented multiple changes in the electronic health record nursing workflow. HCV screening was integrated into the routine nursing workflow, and changes to this workflow were subsequently made following an amendment to New York state screening laws. This amendment allowed for a standing order (non-patient specific order) to be made by nurses. These electronic health record workflow changes increased HCV screening rates in patients born between 1945 and 1965 in the internal medicine clinic during the eighth PDSA cycle. However, due to an electronic health record outage, this increase was not sustainable. Educating clinic physicians directly affects HCV screening rates by raising awareness of the disease. [40] [41] [42] [43] We educated the physicians and nursing staff on chronic HCV infection, screening, diagnosis and electronic health record workflow by a PowerPoint presentation with a small group discussion. We observed significant increase in HCV screening rates during the third PDSA cycle of nursing education.
Patients were highly engaged with the team during this project. Major barriers to screening identified by the team were based on physician and nurse's direct discussion with the patients. During the feedback session of the team meetings, various barriers were discussed and some were selected as major barriers due to estimated frequency reported by the patients. Barriers to HCV screening include concerns with cost of testing and treatment. [44] [45] [46] [47] [48] [49] The main barriers for acceptance of HCV screening included lack of awareness of complications of untreated chronic HCV infection, fear of blood drawn, fear of diagnosis and treatment for chronic HCV infection. An additional barrier was the limited amount of time allocated for a patient visit. During the 20-30 min visit, HCV screening was not the sole focus and the nursing staff were required to perform additional screening tests; therefore, HCV screening was not adequately addressed. Previous studies have shown that barriers to linkage of care include lack of health insurance, incarceration, homelessness and substance abuse. 48 In the internal medicine clinic, 70% of patients were linked to care, which is similar to previous studies that have shown various rates from 44% to 100% linkage of care. 24 27 48 50 The main barriers to linkage of care in the internal medicine clinic population included lack of patient knowledge about complications of undiagnosed and untreated HCV, fear of possible adverse effects of treatment, concern about cost of treatment and insurance coverage. The majority of those patients that were lost to follow-up care were diagnosed with serious mental illness (schizophrenia and bipolar disorders).
The hepatology clinic staff was actively engaged in patient outreach to facilitate linkage to care.
A large number of the internal medicine clinic patients born between 1945 and 1965 declined screening for HCV, which is in contrast to previous studies that demonstrate the willingness of this population to be screened 22 51 Furthermore, the HCV prevalence rate in the total internal medicine clinic patients born between 1945 and 1965 was 12.5% (162/1291), with a prevalence rate of 41.4% (162/391) in those that were screened. This rate is much higher than reported by other studies. For example, an HCV prevalence rate of 8.8% was reported in the screened birth cohort in an urban primary care clinic, 51 and an HCV prevalence of 6.7% in screened individuals born between 1945 and 1965 was reported in a safety net hospital. 22 The higher HCV prevalence in the internal medicine clinic patients born between 1945 and 1965 may be due to higher prevalence of substance use disorder in this population. In our previous study using this internal medicine clinic population, we found a high prevalence of opioid misuse, 44% had misuse, 38% had the appearance of opioid adherence and 17% had possible opioid nonadherence. 52 Substance misuse is a well-established barrier to HCV screening. 53 Furthermore, the internal medicine clinic population consists largely of African-American (66.8%). HCV has been shown to disproportionately affect African-Americans. 41 51 Fostering open dialogue and exemplifying positive clear communication with multidisciplinary team including patients led to the success of this project. Patients were actively engaged in this quality improvement project in identification of barriers to HCV screening, education and shared decision making for treatment of chronic HCV infection. Previsit planning by the nursing staff to identify eligible patients born between 1945 and 1965 was unsuccessful due to time constraints and limited resources. Due to an increase in demand for hepatology care, the hospital leadership improved access to hepatology clinics. Multiple attempts were made by physicians to review a need for hepatology care in HCV RNA-positive patients; however, physicians identified major barrier of serious mental illness to the acceptance to hepatology care.
Processes and workflows designed during this quality project for improving HCV screening in the internal medicine clinic have become the standard of care. There was an evidence of internal validity; we were able to demonstrate meaningful impact resulting from different PDSA cycles during quality improvement project. We were able to sustain the HCV screening rate; the average HCV screening rate was 25.4% during the postproject 1-year period (May 2017-June 2018). Future PDSA cycles will include a use of patient navigator to track patient's linkage to hepatology care and improve access to hepatology clinic. Additional PDSA cycles will include interactive workshops for the internal medicine clinic staff and physicians on motivational interviewing technique, pocket cards of HCV screening for the physicians as a Open access reminder and patient education with videos and PowerPoint presentation about HCV by use of digital photo frames in the patient examination room. Personalised education to HCV patients may be best achieved through active engagement of nurses and a patient navigator; this may facilitate higher linkage to hepatology care.
limitations
This quality improvement project was performed in a safety-net primary care clinic in vulnerable and underserved patient population; therefore, results cannot be generalisable to other settings. This study observed a high rate of chronic infection among patients who were anti-HCV positive. A possible explanation for this finding may be a biased population with higher prevalence rates of substance use disorder. We accomplished 70% linkage to care in a hepatology clinic, located within the hospital; this result may be different in other settings, with limited access to hepatology in a specific geographic area.
conclusIon
We achieved 30% HCV screening rates and exceeded our goal in patients born between 1945 and 1965 within 24 months in the internal medicine clinic. HCV screening rate during postproject 1-year period (May 2017-June 2018) was sustainable at 25.4%. Engagement of a multidisciplinary team in performing the root cause analysis and creating driver's diagram was critical to the design of this project. Physician, nursing and patient education was crucial to create awareness of HCV in patients born between 1945 and 1965. The integration of nursing workflow for HCV screening into the normal clinic workflow to promote the normalisation and sustainability of routine testing was the key driver to the success of this quality improvement project. Improving HCV screening and diagnosis has had substantial impact on the quality of care for internal medicine clinic patients at minimal cost. The increase in HCV diagnosis led to treatment and resulted in sustained viral response, leading to prevention of complications from untreated chronic HCV infection. This may be translated to a reduction in the burden of cost to patients and third-party payers. The interventions implemented in this quality improvement can be replicated in other settings to improve the quality of care delivery.
